
Nat iona l  ke ronnu t i c s  and Spece Adminis t ra t ion  
Goddard Space F l i g h t  Center  

Con t rac t  No . EA3 - 5- 3 7 6 0 

ST -AI - 10 391 

b 
> - (PAOESI 

< b 
r! 

(NASA CR OR TMX OR AD NUMBER) 

OM A N  I?JSTAP,IJ,ITY LIlII<ED !!!ITH T I 3  APPEARANCE 
OF TEE EC'UATORIAL SPOTZA!IIC E-LAYER 

bY 
Gwen Storey 

and 
P h i l  i ppe h' a1 d t e u f e l  

GPO PRICE $ 

CSFTI PRICE(S) $ 

/. 1-v 
Hard copy (HC) 

Microfiche (M F) 85D 
ff 653 July 65 I 

NASA TT F-9903 



t 

NASA TT F-9903 
ST ..- AI - 10 391 

ON AN IKSTABILITY L1;IKED 'XITH THE APPEARANCE -----.- -- 
OF TH3 EgUATORLAL --- - SPOMDIC E-LAYER* _. 
--"- 

C o x ~  t e s -Ren dus de 
1'Acari;rnie ires Sc iences  
IONOS PREP?. 

P a r i s ,  9 June 1965 
Y. 260, p ~ .  6165- 8, 

by Owen S t o r e y  & 
Phi l ippe  X a l d t e u f e l  

S U M M A R Y  

The p r o p e r t i e s  are s t u d i e d  of a 2la.sma i n s t a b i l i t y  t h a t  might 

be a t  t n e  o r iR in  of t h e  e q u a t o r i a l  soo rad ic  E-layer  ol tl?e ionosphere.  

* 
* * 

F n r l e y  [13 p re sec t ed  i n  1963 an exp lana t ion  of t h e  appearance 

of t h e  e q u a t o r i n l  spo rad ic  E-layer by t h e  propagat ion  of a plane uns teady  

wave ir! t h e  ionosyhe r i c  plasma i n  t::e presencc of t h e  e q u a t o r i a l  e l e c t r o -  
e u a t i  n j e t .  This  exp lzna t ion  was bcsed upon tile s o l u t i o n  of t h e  d i s p e r s i o g  ~ e f o -  

t i v c  t o  plasma: we indeed obtained from t h a t  equat ion ,  whose p r i n c i p a l  

c h a r a c t e r i s t i c s  correcponded w e l l  t o  obse rva t ions ,  a s t a b l e  r o o t ,  t h a t  is : 

- t h e  i n s t a % i l i t y  i s  produced only  if t h e  d r i f t  v e l o c i t y  lgel 
t r o n s  i r  t h e  e l e c t r o j e t  i n  s u 3 e r i o r  t o  a c e r t n i n  t h r e s h o l d  w r ;  

I w ~ ,  i s  of t k e  o rde r  of  the thermal  v e l o c i t y  of i o n s ;  

- w~~ i n c r e a s e s  r a p i d l y  when t h e  p r o p q a t i o n  d i r e c t i o n  d e p a r t s  from 

of elec- 

t h e  nerpendicular  t o  the  t e r r e s t r i p l  magnetic f i e l d .  
I:owever, ZU. t 5 e s e  r e s u l t s  have been obta ined  on ly  i n  a numer ica l  

a - i l  p e T h i c a l  form; jno a n a l y t i c a l  expres s ions , and ,  more p a r t i c u l a r l y ,  

no s a t i s f a c t o r y  phys ica l  i n t e r n r e t a t i o n  of s t a b i l i t y  has ye t  been propo- 
sed .  

- 

T h i s  n o t e  ? r e s e n t s  the r e s u l t s  of r e sea rch  under taken  wi th  t h e  

view of f i l l i n r  t h e s e  Taps. 
_- 

'1'0 do t h a t ,  we hcve considered a plasma c o n s t i t u t e d  of e l e c t r o n s  

arid of a unique k ind  of p o s i t i v e  i o n s ,  and we have s t a r t e d  from macro- 

* c  sur une i n w t a ' - i l i t 3  l i b e  5 l ' a p - m i t i o n  de l a  couche B sporndique 
4-1.iatorfc l e .  



2 .  

scopic  t r a n s p o r t  e q u a t i o m  co , ipr i s inc  f o r  each of  the  two k i n d s  of par- 

t i c l e s  : - an ecua.tion for the  conservat ion of t he  number of p a r t i c l e s ;  

- an eouat ion  or" motion; 

- zn equat ion  of  s t a t e ,  i d e n t i c a l  t o  t h a t  of a p e r f e c t  gas. 
T h i s  k i s t  hypothes is  i q l i e s  t h a t  t h e  p re s su re  E is  s c a l a r  and 

i s o t r o n i c .  Besides ,  we shall assume t h a t  i t  i o  l i & e d  with t h e  d e n s i t y  

by a law of t h e  f o r 3  p-(~'a' .  Depeiidinp upon whether i t  is imposed f o r  t h e  

motions t o  be i so the rmic  o r  a< . i aba t i c ,  y w i l l  be taken e q u a l  t o  1 or 
5/3. I n  t h e  p l a sna  s tudiec!  t h i s  choice is not  ev iden t  and may d i f f e r  for 
t h e  i o n s  2r.d e l -ectrons.  

T h i s  be ing  p o s t u l a t e d ,  t h e  d i s 7 e r s i o n  equat ion  of  p lane  waves of 

f e e b l e  m p l i t u d e  i s  ohtail led as a cond i t ion  of  c o n p a t i b i l i t y  of t h e s e  

equat ions  alrd of t h e  Ikxwell izn ecuot ions.  T h i s  method d i f f e r s  from that  
of F a r l e y  who u t i l i z e d  f o r  describinK t h e  dynra i c s  of p a r t i c l e s  t h e  l i n e a r -  

i z e s  Vlasov equat ions  with a type B.G.K- c o l l i s i o n  term.* 

For the  low-f requency waves considered,  t he  l l l o n g i t u d h a l l !  approxi-  

mation, which c o n s i s t s  i n  assur5ng t h e  e l e c t r i c  f i e l d  of p e r t u r b a t i o n  8, 
p z r a l l e l  t o  t he  d i r e c t i o i i  of  propagat ion,  t h u s  n e g l e c t i n g  t h e  n a p e t i c  

f i e l d  a s soc in t ed  with the  wave, as p e r f e c t l y  l eg i t ima te .  The d i s p e r s i o n  

eaua t ion  w i l l  then be w r i t t e n  

w i t h  

wl- :re : 

x,(zi) is t?.e zngul7.r frequency of t h e  e l e c t r o n  ( i o n )  plasma; 
af*(iit) is  tLc aLrjolute vftlue o f  the  e l e c m o n  ( i o n )  angular  gyrofrequency; 

- ,p (v i )  is ti:e colI- is ior .  frequency of e l e c t r o n - n e u t r a l  ( i on -neu t r a l )  ; . .  

uc(ui) is t he  speed 02 sound 
or e lcc t ro r - s  ( i o n s ) ;  

tCc(i;i) is the  d r i f t  v e l o c i t y  

c h a r a c t e r i s t i c  of t h e  thermic a g i t a t i o n  

' *  
hl,.== (I) - L . ,Lc; (I),= w - /I.. t1.t; 

of e l e c t r o n s  ( o r  i o n s )  under t h e - i n f l u e n c e  

* see auti. at t:ie end. 
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oi t h e  s t a t i c  e l e c t r i c  f i e l d  E o a s s o c i a t e d  t o  t h e  e l e c t r o j e t ;  

w is  t h e  angular  f requency of t h e  wave cons idered;  

k is  i ts  vec to r  angular  trave nunber;  k i s  a u n i t a r y  vec to r  p a r a l l e l  
c. 

-t 

.) 

t o  k ; k is  t h e  module n of i(<k. = lek);  

Q is t h e  canEle between k and t h e  Lr?r-Lh's mq-net ic  f i e l d .  

I n  t h e  X;-re$.on of the  equP.r.oria1 iolzosphere t h e  p r m e t e r s  j u s t  

examined s i t u a t e  themselves as f o l l o w s :  

Among o t h e r  consecuences.  t l -ese  i n e q u a l i t i e s  po in t  t o  t h e  fact  
t h a t  t h e  e l e c t r o n s  z r e  cont ro l led  e s s e n t i a l l y  by t h e  nagne t i c  f i e l d ,  whereas 
t h e  i o n s  a r e  c o n t r o l l e d  by n e u t r a l  molecules by way of c o l l i s i o n s .  

E x p l o i t i n g  t h e s e  i n e q u a l i t i e s  i t  i s  p o s s i b l e  t o  r e s o l v e  t h e  equa- 

t i o n  ( 1 )  i n  an approximate fashion. For wavelengths > 3 m  we arr ive  at 
t h e  f o l l o w i n r  r e s u l t s  : 

- the r e a l  p u t  o f  o is w r i t t e n  
* f  

Itc ( w )  N L. 10, 

w i t h  

I n  n e a r l y  t h e  e n t i r e t y  of tiic 2-region,  A is near  t h e  u n i t y ;  

t h a t  is w h c t  is a&?lit te& here.  

- t h e  imaxinarg p-r-;; of w i.; b y i t t e n ,  for $ = x / 2 ,  

Let us recall t h a t  an  i n s t a 5 i l i t y  i s  mani fes t  f o r  a nega t ive  

value of I m ( w )  corresponding t o  a r e a l  va lue  of k. This  formula t h u s  

z s c e r t a i n s  c v i t e  wel!. the effect of the threshold Linked wi th  t h e  s i t u a t i o n  

of t he  p r o j e c t i o n  of t;, ov ; r  
?as. The tk?res-:old W O  (vzluc of k. w ~ .  such t h a t  I n  ( W )  = O), is, ea-ual to 

raldltivc t o  t h e  speed of sound i r ?  t h e  i o n  
, - r  

,'2L I ( I + '4, v, /ai a,.). 
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TI?e r a t i o  *):,/a:. ir-- ver:? r r x i - 1 ,  and t'-ere.;cire, fnrc-.ila 

vary r a p i d  vc?riati.cn. of Wo :'P a func t ion  of $. 
( 5 )  does imply a 

The a!sg:;re::ate oi 'c;:e,ce formulas p o i n t e ,  w i th in  t h e  l i r c i t  of appro- 

x i ! z t i o n s  made, t o  a geod q u a l i t a t i v e  and c u a n t i t a t i v e  agreement w i t h  t h e  

F m l e y  r e s u l t s .  ThiE agreement i s  evidence t h a t  w i t h i n  t h e  domain s t u d i e d  

t h e  macroscopic approach is s a t i s f a c t o r y .  Moreover, i t  emphasizes t h e  k in -  

s h i p ,  s t r e s sed .  by Dougherty c33 ,  between t h e  s i m p l i f i e d  B. G. K. term l o c a l l y  

conEerving t h e  p a r t i c l e s  u t i l i z e d  i n  t h e  Vlasov e q u a t i o n s ,  and t h e  c o l l i -  

s i o n  term which i , r  c l a s s i c a l  i n  t l .e  rnegnetoionic theo ry .  

The e n r e , c F i o n  ( 3 )  allows anc the r  i r q o r t a c t  rp.pprochernent. Indeed,  

tj:e e l e c t r o n s  being c o n t r o l l e d  by t h e  magnetic f i e l d ,  w e  have 

r e p t r i z l  m s p e  t i c  f i e l d .  As R conseauence , 

This  expres s ion  i r .  no o t h e r  than  t h a t  f o r  t h e  d r i f t  v e l o c i t y  of 
w e a k  i o n i z a t i o n  i r r e g u l a r i t i e s  i n  t h e  ionosphere v;hen an e l e c t r i c  f i e l d ,  

perGendicular t o  t h e  mapjnetic f i e l d , s u c h  as c a l c u l a t e d  by Clemmow, Johnson c41 
and Ka to '  c51 is  ap-;?lied . The f i r s t  au tho r s ,  having as here c a r r i e d  o u t  a 
GecosnoFitian i n t o  p lane  w a v e s ,  have found t h a t  t h e  corresFonding wave wa6 

dampened by d i f f u s i o n  no n a t t e r  what t h e  d r i f t  v e l o c i t y  o f  e l e c t r o n s .  

T h i p  diFap-rce:::ent e t e m  fro:ri the  r o l e  of i o n s '  i n e r t i a  wliic'r? P'RS neg lec t ed .  

It  ir icdeed e a e v  t o  v e r i f y  ti?;.t f o r  v:eak v e l o c i t i e s  [Gel t ' - e i r  conclusions 

a r e  a n i n  v a l i d .  R e c i n r o c e l l y ,  v'e f i n d  t h a t  t h e  i n e r t i a  o f  i o n s  playa a 

d e t e r r d n z n t  p a r t  i n  t > e  i n s t a b i l i t y  mechar,ism; i n  our  op in ion ,  t h e  l a t t e r  
C . T ~  no t  be a-:-ir,;lileted t o  t h e  t\:'o-be8rti i r s  tz?'r-,il.it?t - 

of the  C.N.E.S. (Ua t iona l  Center f o r  Space S t u d i e s ) .  The r e s u l t s  w i l l  be 
pub l i shed  elsewhere a t  f u r t h e r  l e n g t h .  

T h i s  s t u d y  is p a r t  o f  a r e sea rch  program undertaken under t h e  a e g i s  

* * *  E N D * * *  
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5.  

T h e r e  is q u e s t i o n  h e r e  o f  a s i m p l i f i e d  e x p r e s e i o n  of t h e  term pro -  
posed by P. L * R h a t n a g a r ,  E * P, Gross and 14. Krook (Phys .Rev * 511 , 1954) t o  take 
i n t o  account t h e  c o l l i s i o n e .  To be more p r e c i s e ,  one d e f i n e s  a c o l l i s i o n  fre- 
r u e n c y  i n d e p e n d e c t  from t%e v e l o c i t y  and one  wr i t e s  t h e  c o l l i s i o n  term of t h e  
Rol tzmenn ecruation i n  t h e  fo rm:  
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